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[57) ABSTRACT

A semiconductor device structure incorporates a semi-
conductor wafer having first and second opposing

‘major surfaces and an edge. A first region of first con-

ductivity type is contiguous with the second surface and
includes an edge portion which is contiguous with the
wafer edge at the first surface. A second region, of
second conductivity type, extends into the wafer from |
the first surface so as to form a PN junction with the
first region at a predetermmed depth from the first
surface. A third region, of second conductivity type,

-extends into the wafer from the first surface to a depth

greater than the predetermined depth. The third region

1s disposed between and is contiguous with the second
region and the edge portion of the first region. When

the wafer is silicon the third region has an areal charge
concentration of approximately 1 to 2X 1012 cm—2.

10 Claims, 5 Drawing Figures
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SEMICONDUCTOR STRUCTURE FOR ELECTRIC
FIELD DISTRIBUTION

The present invention relates to a structure wherein a
PN junction intercepts a semiconductor wafer surface.
More particularly, the invention relates to a structure
which permits a relatively high voltage to be sustained
at such a PN junction.

BACKGROUND OF THE INVENTION

A solid-state semiconductor device usually comprises
a wafer of semiconductor material in which doped P
type and N type regions form one or more PN junc-
tions. Typically, several of these PN junctions intercept
a surface of the wafer. For example, in what is com-
monly referred to as a planar semiconductor device, ie.,
a device wherein P type and/or N type conductivity

S
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regions are diffused into the semiconductor from se-

lected portions of a major wafer surface, the PN junc-
tion associated with each of the dlffused regions inter-
cepts the major wafer surface.

When a semiconductor device is used in a power
control application, certain of the PN junctions therein
must support relatively high voltages during device
operation. Such PN junctions are typically referred to
as high voltage junctions, and it is desirable that they be
able to support voltages which approach the theoretical
bulk breakdown value associated therewith. The theo-
retical bulk breakdown voltage of a PN junction is a
function of the doping profiles in the P type and N type

- regions adjacent thereto and the geometry of the June-
tion.

The effect of PN junction geometry on breakdown
voltage is quite apparent, for example, in planar double-
diffused bipolar power transistors. So as to spread the
electric field associated with the high voltage base/col-
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When the wafer is silicon the third region has an areal

charge concentratlon of approximately 1 to 2x1012
—2

cm

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a sectional view of a planar NPN bipolar
transistor with no electric field dlstrlbutlng means.

FIG. 2 is a sectional view of a prior art RESURF
structure on a planar NPN bipolar transistor.

FIG. 3 1s a sectional view of the electric field distrib-
uting structure of the present invention.

FIG. 4 1s a sectional view of a second embodiment of
the electric field distribution structure of the present
Invention.

F1G. 5 1s a graphic representation of the breakdown

vo]tage achlevable by a structure of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Iiustrated in FIG. 1 is a sectional view of a portion of
a conventional planar NPN bipolar transistor 10. The
transistor 10 comprises a semiconductor substrate 12
having first and second opposing major surfaces 14 and
16 and an edge 18. A coliector region 20 of N+ type
eonductlwty Is contiguous with the second major sur-
face 16 and is substantlally planar in shape Extending
from the collector region 20 to the first major surface 14
1s an N— type extended collector region 22. Typically,
the N+ type collector region 20 and N — type extended

- collector region 22 are fabricated by providing an N+

35

lector PN junction of such devices, one approach has

been to incorporate a relatively lightly doped epitaxial
layer, of similar conductivity type to the base region,
between the base and collector regions. Such an ap-
proach, as described in HIGH VOLTAGE THIN
LAYER DEVICES (RESURF DEVICES), J. A. Ap-
pels et al.,, IEDM Technical Digest, 1979, pp. 238-241,
essentlally renders the base/collector PN _]unctlon plane
in shape. However, there is a drawback to this prior art
RESUREF structure in that the additional epltaxlal layer
effectively widens the device base reglon This in turn
decreases device switching speed in that the limiting

435

type substrate and epitaxially growing an N— layer
thereon.

'Extending into the wafer 12 from the first surface 14
is a P+ type base region 24 which forms a base/collec-
tor PN junction 26 at its interface with the N— type
extended collector region 22. The base region 24 is
typically formed by selectively doping a portion of the
surface 14 and subsequently diffusing the dopant such
that the PN junction 26 extends from an intercept on the
surface 14 to a predetermined depth from the surface
14.

Extending' into the wafer 12 from the surface 14
within the boundary of the base region 24 is an N+ type
emitter region 30. The emitter region 30 forms an emit-
ter/base PN junction 32 at its interface with the base

- region 24, The emitter region 30 is also typically formed

frequency, f7, is proportlona] to the inverse square of 50

the width of the base region between the en:utter and
collector regions.

SUMMARY OF THE INVENTION

A semiconductor device structure incorporates a
semiconductor wafer having first and second opposing
major surfaces and an edge. A first region of first con-
ductivity type is contiguous with the second surface and
includes an edge portion which is contiguous with the
wafer edge and extends to the first surface. A second
region, of second conductivity type, extends into the
wafer from the first surface so as to form a PN junction
with the first region at a predetermined depth from the
first surface. A third region, of second conductivity
type, extends into the wafer from the first surface to a
depth greater than the predetermined depth. The third

region 1s disposed between and is contiguous with the

second region and the edge portion of the first region.

oy selectively doping and diffusing conductivity modifi-
ers from the first surface 14 such that the emitter/base
PN junction 32 extends to a predetermined depth and
curves to intercept the surface 14. Additionally, at the

- corner of the wafer 12 created by the intersection of the
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first major surface 14 and the edge 18 there is a channel-
stopper region 34 of N+ type conductivity.

During device operation the base/collector PN junc-
tion 26 supports voltage which creates a depletion re-
gion 36, 1.e., a region which is depleted of mobile charge
carriers, in portions of the base and collector regions |

| adjacent to the junction. Similarly, a depletion region is

formed in the emitter and base regions adjacent to the
emitter/base PN junction. In the illustrated configura-
tion, the base/collector PN junction 26 is typically
required to support relatively high voltages compared
to the emitter/base PN junction 32. Thus, the size of the
depletion region associated with the base/collector PN
junction 26 is significantly greater than that of the de-

pletion region associated with the emitter/base PN

Junction 32. For purposes of clarity, only the base/col-
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iector PN junction depletion region 36 is illustrated in
FIG. 1.

The size of the depletion region in a particular semi-
conductor region is a function of the impurity concen-
tration profile therein, the geometry of the PN junction,
the voltage being supported by the junction and the
boundary conditions at the termination of the junction.
For a given voltage, the wider the depletion region the
lower the electric field at the junction. The theoretical
maximum voltage that the junction can support is re-
ferred to as the bulk breakdown voltage and is deter-

10

mined by the electric field at the junction. The deple-

tion region width and the electric field at the junction
are maximum at the bulk breakdown voltage.

To increase the breakdown voltage of the transistor
10 of FIG. 1 the interposition of a blanket P— type
layer between the P+ type body region and N— type
collector region has been suggested, as illustrated by the
RESURF (REduced SURface Field) structure in the
planar NPN bipolar transistor 110 of FIG. 2. Those
features of the transistor 110 which are analogous to
features of the transistor 10 of FIG. 1 are designated by
similar reference numbers preceded by the numeral 1.
The transistor 110 also comprises a substrate 112 having
first and second major surfaces 114 and 116, an edge
118, an N+ type collector region 120, an N— type
~ extended collector region 122, a P+ type base region
124, an N+ type emitter region 130 forming an emit-
ter/base PN junction 132, and a channel stopper region
- 134. 'The significant structural difference between the
- transistor 110 and the transistor 10 is the presence of
what will be termed herein a blanket base layer 150,
disposed between the N— type extended collector re-
gion 122 and the first major surface 114.

The blanket base layer 150 is conventionally formed
by epitaxially depositing a P— type layer on the N~
. type extended collector region 122. The doping level in

. the blanket base layer 150 is less than that in the P+

... type base region 124, such that a high/low junction 152
..exists between the base region 124 and the blanket base
layer 150. In that the P+ type base region 124 is contig-
uous with the P— type blanket base layer 150, and the
blanket base layer 150 interfaces with the N— type
extended collector region 122, a base/collector PN
junction 154 is formed at the blanket layer/extended
collector region interface. A typical thickness for the
P— type blanket base layer 150 is 9 microns, a typical
diffusion depth for the P+ type body region 124 is 5
microns, and a typical diffusion depth for the N+ type
emitter region 130 is 2 microns. Thus, for transistor 110,
the distance between the emitter/base PN junction 132
and the base/collector PN junction 154, termed the
device base width, 1s 7 microns.

In the transistor 110 the N+ channel stopper region
134 extends from the first surface 114 to a depth greater
than the thickness of the blanket base layer 150 such
that it interfaces with the extended collector region 122.
Since the channel stopper region 134 is also contiguous
with the blanket base layer 150, the base/collector PN
junction 154 is continuous with the interface of the
channel stopper region 134 and the blanket base layer
150, and thereby extends to intercept the first surface
114. During device operation a depletion region 156
spreads mto the N+ type channel stopper region 134,
the N— type extended collector region 122, the P—
type blanket base layer 150 and the P+ type body re-
gion 124,

§
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In contrast with the conventional RESURF structure
of FIG. 2, a planar, bipolar NPN transistor 210 incorpo-
rating the field distributing structure of the present
invention is illustrated in FIG. 3. The transistor 210 is
embodied in a semiconductor wafer 212 having first and
second opposing major surfaces 214 and 216 and an
edge 218. An N+ type collector region 220, substan-
tially planar in shape, is contiguous with the second
major surface 216, and an N— type extended collector
region 222 1s contiguous with the N+ type collector
region 220. Extending into the wafer from the first
surface 214 is a P+ type base region 224 which forms a
base/collector PN junction 226 with the N — extended
collector region 222. The P4 base region 224 has a
boundary 225 which intercepts the major surface 214,
and within this boundary 225 an N4 type emitter re-
gion 230 extends from the surface 214 so as to form an
emitter/base PN junction 232 with the base region 224.
An N+ type channe] stopper region 235 extends into
the wafer from the first surface 214 at the edge 218.
However, as will subsequently be elaborated upon, in
the transistor 210 of the present invention, the channel
stopper region 235 need not extend as deeply into the
wafer as the channel stopper region 134 in the transistor
110 incorporating the prior art RESURF structure.

Disposed between the base region 224 and the chan-
nel stopper 235 in a substantially annular configuration,
s a supplementary region 260 of P— type conductivity.
The supplementary region 260 extends from the first
surface 214 to a depth greater than that of the base
region 224, and preferably to a depth greater than ap-
proximately twice that of the base region 224. For ex-
ample, when the base region 224 extends to a depth of
4-10 microns, the supplementary region 260 will ex-
tend, respectively, to a depth of 8-20 microns. The

supplementary region 260 is required to be contiguous
with the base region 224 such that the interface between

the supplementary region 260 and the N— collector
- region 222 forms an extension of the base/collector PN
junction 226. In the illustrated embodiment the supple-
mentary region 260 is also contiguous with the channel
stopper region 235 such that the interface between the
supplementary region 260 and the channel stopper re-
gion 235 provides an additional extension to the base/-
collector PN junction 226 and terminates at the first
surface 214. However, it is not imperative that the
base/collector PN junction 226 interface with the chan-
nel stopper region 235, as will be subsequently illus-
trated.

In more general terms, the N+ type collector region
220, the N— type extended collector region 222 and the
channel stopper region 235 may all be considered to be
part of a first region of first conductivity type; the P+
type base region 224 may be considered to be a second
region, of second conductivity type; the P— type sup-
plementary region 260 may be considered to be a third
region, of second conductivity type; and the emitter
region 220 may be considered to be a fourth region, of
first conductivity type.

The areal charge concentration in the supplementary
region 260, as determined by doping level, is selected
such that the supplementary region 260 is fully depleted
when the base/collector PN junction 226 is supporting
a voltage which approaches its theoretical bulk break-
down voltage. When the semiconductor wafer 212 is
silicon, the areal charge concentration in the supple-
mentary region 260 should be approximately 1 to
2 X 1012 cm?2. Thus, the areal charge concentration in the




4,605,948

S

su;aplementary region 260 is not dEpendent upon the -

doping level in the N— type collector region 222. The
depletion region associated with the base/collector PN
junction 226 when the junction is supporting its bulk
breakdown voltage is illustrated at 262. One of the sig-
nificant characteristics of the depletion region 262 is its
concave configuration in the N— extended collector
- region 222. This concave configuration occurs because

the depth of the supplementary region 260 is greater

than that of the base region 224.

A preferred electrode structure for the transistor 210
1s also illustrated in FIG. 3. First and second insulating
layers 264 and 266 overlie the emitter/base PN junction
232 and the base/collector PN junction 226 at their
respective intercepts with the first surface 214. The
second insulating layer 266 addltlonally extends to over-
he the boundary 225 of the base region 224 as well as the
depletion region 262 associated with the base/collector
PN junction 226 at the surface 214. Emitter and base
electrodes, 268 and 270 respectively, contact the emitter
and base regions 230 and 224 on the first surface 214,
and a collector electrode 272 contacts the N+ type
- collector region 220 on the second major surface 216.

On the first surface 214, a supplementary collector
electrode 274 contacts the channel stopper region 235.
Both the supplementary collector electrode 274 and the
base electrode 270 overlap the second insulating layer

- 266. Preferably, the supplementary collector electrode
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the supplementary region 360 should be in the same
range as the areal charge concentration in the supple-
mentary region 260 of transistor 210.

The structure of transistor 310 provides a similar
electric field redistribution to that produced in transis-
tor 210. The PN junction formed between the supple- |
mentary region 360 and the extended collector region
322 1s contiguous with the high voltage base/collector
PN junction 326 thereby yielding a depletion region 362
which 1s concave in the N— type extended collector
reglon as 1n transistor 210. Transistor 310 can be fabri-

‘cated in a substantially similar manner as transistor 210.

The significant difference is the location of the selective
doping and diffusion used to generate the supplemen- -
tary region 360. |

A graphic representation of the effectiveness of the
present invention is shown in FIG. 5. The graph repre-
sents the breakdown voltage of the base/collector PN
Junction 226 of transistor 210 as a function of the areal
charge concentration in the supplementary region 260.
As 1ndicated, when the areal charge concentration is in
the. optimal range of approximately 1-2X1012¢cm=-2, a
base/collector PN junction breakdown voltage which
1s approximately 95% of the theoretical maximum
breakdown voltage is achieved. Based upon an experi-
mentally measured doping profile for the base and ex-

- tended collector regions 224 and 222, the theoretical

274 overlies the boundary of channel stopper region 235

at the first surface 214, and the base electrode 270 over-
lies the intercept of the base region boundary 225 at the

first surface 214, as well. The supplementary collector

electrode 274 and the base electrode 270 are separated
by a distance d as indicated in FIG. 3. The optimal

30

value for this distance may be calculated as a function of 35

the bulk breakdown voltage of the base/collector PN
Junctlon 226. As an optimal value, the distance d, in
‘microns, should equal the bulk breakdown voltage
- value, in volts, divided by 10 volts/micron (=105
volts/cm), the critical field for avalanche breakdown in

- sitlicon.

40

The transistor 210 of the present invention can be

fabricated by conventional semiconductor processing
techniques. For example, starting with an N+ type
substrate, an N— type epitaxial layer may be deposned

45

thereon and the indicated N+, P+ and P— regions

may subsequently be diffused into the epitaxial layer
- from the surface thereof. Significant processing distinc-
tions between the transistor 210 and the conventional
transistor 110 include: the elimination of the steps
needed to form the blanket base layer 150, the provision
of a selective P— doping and diffusion, the elimination
of the need for a relatively deep channel stopper region,
and a different electrode structure on the wafer surface.

30

As shown 1in FIG. 4, an alternative embodiment of 55

- the invention provides a modified configuration for the
supplementary region. FIG. 4 illustrates a planar NPN
bipolar transistor 310 which is substantially similar to
the transistor 210 of FIG. 3 but for the dimensions of the
P— type supplementary region 360 therein. The P—
- type supplementary region 360 in transistor 310 is dis-
posed between P+ type base region 324 and N+ type
channel stopper 335. However, the P— type supple-
mentary region 360 is not contiguous with the .channel
stopper region 335. Rather, a portion of the N— type
- collector region 322 extends to the first surface 314
between the supplementary region 360 and the channel

- stopper region 335. The areal charge concentration in

maximum breakdown voltage of the base/collector PN
junction 226 is 1115 volts. The measured breakdown
voltage for this junction, when the doping level in the
supplementary region 260 is in the indicated optimal

range of approximately 1 to 2 X 1012¢m—2, is 1050 volts.

The structures of the present invention thus present
several advantages over the prior art. The elimination
of the P— type blanket base layer 150 from the conven-

‘tional transistor 110 eliminates an epitaxial deposition or

diffusion step. However, more importantly, it permits a
base/collector PN junctiion breakdown voltage which
approaches the maximum breakdown voltage, without
sacrificing base width. As previously indicated, in that

“the maximum frequency of device operation is propor-
- tional to the inverse square of the device base width, the

presence of the blanket base layer 150 limits the fre-
quency of operation of the conventional transistor 110.
In that the necessity for a blanket P— type layer is
eliminated in the present invention, devices of the pres-
ent invention can be operated at higher frequencies.
The prior art structure 110 also requires that the
channel stopper region 134 extend from the first surface
114 to the N— type extended collector region 122. The
channel stopper region 134 must extend through the
thickness of the blanket base layer 150. This requires an
additional diffusion step in the processing sequence for
device 110 which is not necessary in the structures of
the present invention. The channel stopper regions 235 -

~and 335 of the devices of the present invention may be

| dOped and diffused to the same depth as the correspond-

60
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ing emitter regions 230 and 330 and may thus be pro-
cessed simultaneously with the emitter regions. |
It 1s also 1mportant to recognize that the structure of
the present invention is not limited to NPN bipolar
transistors. In addition to being applicable to diodes,
thyristors, and PNP bipolar transistors, the present in-
vention is appllcable to MOS structures. For example,

supplementary region 260 or 360 may readily be incor- |

porated into a conventional vertical MOSFET device,

an example of which is disclosed in U.S. Pat. No.
4,455,565, VERTICAL MOSFET WITH AN
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ALIGNED GATE ELECTRODE AND ALIGNED
DRAIN SHIELD ELECTRODE, A. M. Goodman et
al., June 19, 1984, the supplementary region being lo-
cated so as to be contiguous with a body region of the
device. The conventional RESURF structure of FIG. 2
1s not applicable to a vertical MOSFET device in that
the blanket base layer 150 does not make it possible for
the collector region, ie., the drain region in an analo-
gous MOSFET, to contact the first surface 114 at por-
tions where the MOSFET channels are to be formed.

What is claimed is:

1. A semiconductor structure, comprising:

a silicon wafer having first and second opposing
major surfaces and an edge,

a first region, of first conductivity type, contiguous
with the second surface and including an edge
portion which is contiguous with said edge at the
first surface;

a second region, of second conductivity type, extend-
ing into the wafer from the first surface so as to
form a PN junction with the first region at a prede-
termined depth from the first surface:

a third region, of second conductivity type, extending
into the wafer from the first surface to a2 depth
greater than said predetermined depth, the third
region being disposed between and being contigu-
ous with the second region and said edge portion,
and having an areal charge concentration of ap-
proximately 1-2X 1012 cm—2;

an insulating layer overlying the third region on the
first surface, said insulating layer overlying the
boundary between the edge portion and the third
region, and the boundary between the second re-
gion and the third region;

a first electrode contacting the edge portion at the
first surface and overlying the insulating layer; and

a second electrode comntacting the second region at
the first surface, overlying the insulating layer, and

- being spaced a predetermined distance from the
first electrode; said predetermined distance, in mi-
crons, bemng equal to the bulk breakdown voltage,
in volts, divided by the critical field for avalanche
breakdown, in volts per micron, of the PN junction
between the first and second regions.

2. A semiconductor structure in accordance with

claim 1, wherein said first region further comprises:

a substrate having a uniformly doped layer of rela-
tively low conductivity disposed thereon.

3. A semiconductor structure in accordance with

claim 1, wherein said first region further comprises:

a channel stopper region of relatively high conduc-
tivity extending into the wafer from the first sur-
face at said edge portion.

4. A semiconductor structure in accordance with

claim 1, further comprising:

a fourth region, of first conductivity type, extending
into the wafer from the first surface within the
boundary of the second region so as to form a
bipolar transistor with said first and second re-
gions.

5. A semiconductor structure, comprising:

a semiconductor wafer having first and second op-
posing major surfaces and an edge;
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8

a first region, of first conductivity type, contiguous
with the second surface and including an edge
portion which is contiguous with said edge at the
first surface;

a second region, of second conductivity type, extend-
ing into the wafer from the first surface so as to
form a PN junction with the first region at a prede-
termined depth from the first surface said PN junc-
tion having a theoretical bulk breakdown voltage;

a third region, of second conductivity type, extending
into the wafer from the first surface to a depth
greater than said predetermined depth, the third
region being disposed between and being contigu-
ous with the second region and said edge portion,
and having an areal charge concentration such that
the third region is fully depleted only when said
PN junction is biased by a voltage greater than
approximately 95% of said bulk breakdown volt-
age;

an insulating layer overlying the third region on the
first surface, said insulating layer overlying the
boundary between the edge portion and the third
region, and the boundary between the second re-
gion and the third region;

a first electrode contacting the edge portion at the
first surface and overlying the insulating layer; and

a second electrode contacting the second region at
the first surface, overlying the insulating layer, and
being spaced a predetermined distance from the
first electrode; said predetermined distance, in mi-
crons, being equal to the bulk breakdown voltage,
mn volts, divided by the critical field for avalanche
breakdown, 1n volts per micron, of the PN junction
between the first and second regions.

6. A semiconductor structure in accordance with

claim 5, wherein said first region further comprises:

a semiconductor substrate; and

a uniformly doped layer of relatively low conductiv-
ity disposed thereon.

7. A semiconductor structure in accordance with

claim 5, wherein said first region further comprises:

a channel stopper region of relatively high conduc-
tivity extending into the wafer from the first sur-
face at said edge portion.

8. A semiconductor structure in accordance with

claim §, further comprising:

a fourth region, of first conductivity type, extending
into the wafer from the first surface within the
boundary of the second region so as to form a
bipolar transistor with said first and second re-
g1omns.

9. A semiconductor structure in accordance with
claim 4, wherein said first region further comprises a
channel stopper region of relatively high conductivity
extending into the wafer from the first surface at said
edge portion, the channel stopper region extending to a
depth substantially equal to that of said fourth region.

10. A semiconductor structure in accordance with
claim 8, wherein said first region further comprises a
channel stopper region of relatively high conductivity
extending into the wafer from the first surface at said
edge portion, the channel stopper region extending to a

depth substantially equal to that of said fourth region.
¥ ¥ % * *
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